Melen Watershed is the most recent and the leading drinking water source of Istanbul. According to The Ministry of Forest and Water Works of Turkey, regarding the pollution status, Melen River Basin should be primarily dealt with. Nutrient pollution such as nitrogen (N) and phosphorus (P) can cause water quality degradation in rivers, which are used as a source of drinking water. Buyuk Melen and Kucuk Melen rivers are existed on Melen Watershed. Water supplied from Buyuk Melen River is tranferred to Omerli Dam and supplies important percent of the water demand of the Istanbul. Hence, it is crucial to observe the water quality of the supplied water in Melen Watershed. Certain percent of the nutrients that cause the organic pollution are retained through the river route. River retention coefficient is the percent that reflects how many percent of the nutrients are retained during the river flow. River retention coefficient for the rivers on the Melen Watershed was calculated according to the several factors mentioned in this study. For this purpose geographical information systems (GIS) were also dealt with and digital elevation model (DEM) was prepared using raster images scaled
Introduction
Though they occur naturally in water, soil and air in various forms, high contents of nutrients in water such as nitrates (N) and phosphorus (P) are the major issues in terms of water quality, which are generally believed to be caused by nonpoint source pollution since it is mainly the result of agricultural activities and not easy to specify the location of the exact source (Niraula et al., 2013) . The total quantity of nutrients discharged into surface waters in a river basin is normally larger than the nutrient load at the river mouth. This discrepancy can be explained by the process of nutrient retention (Bere, 2007) . Retention in watersheds is a function of many biogeochemical parameters and hydromorphological characteristics of rivers, lakes, etc. In general; nitrogen retention is more influenced by biological processes as denitrification, whereas phosphorus retention is more influenced by physico-chemical processes, such as sedimentation and sorption/desorption reactions in sediments (Behrendt and Opitz, 2000) . One of the most important functions of headwaters is their ability to filter pollution from stormwater runoff. This reduces concentrations of nutrients, sediment, and toxic pollutants from surface runoff. Not only are toxic pollutants removed in the root zones and sediment trapped in the leaves, but the biological and physical action of riffles and pools also polish the water quality as it runs on the surface (Peterson et al., 2001 ). An understanding of the nutrient retention process is important to prevent overloading the river, lake system and the resultant eutrophication (Bere, 2007) . Peterson et al. (2001) examined the nitrogen removal efficiencies of headwater streams from all over the United States. They found that the smaller the stream (lower the order), the higher the efficiency for removal of nitrogen. This is because the water is in greater contact with various biofilm surfaces in smaller streams. On average, dissolved nitrogen (dissolved inorganic nitrogen; both NH 4 + and NO 3 − ) is removed at a rate of 64% per kilometer of a stream. It was demonstrated that the use of export coefficients estimated for other regions may lead to wrong conclusions about the impact of different diffuse sources on the water body status. Land use-land cover maps had a significant effect on both runoff and sediment yield prediction (Di Luzio, 2005) . Soil classification maps showed a limited influence on model results. The primary GIS data that must be provided are: (1) the digital elevation model (DEM); (2) the land use-land cover map; and (3) the soil map. The watershed and stream network delineation and the definition of several geomorphological parameters are calculated from the digital elevation model.
Materials and Methods
Pertaining to their integrative capabilities, geographic information systems (GIS) are also powerful and essential tools for watershed scale hydrologic analysis and modelling. GIS allows the effective and efficient integration of spatial and non-spatial data for model inputs as well as the spatial visualization of outputs.
Watershed delineation
The watershed is delineated into discrete subwatersheds for enabling the modeling to represent the spatial heterogeneity in the catchment. The delineation of the Melen Watershed was carried out based on a Digital Elevation Model (DEM) created in 10 m. × 10 m. resolution by both digitizing topographical map sheets and modifiying the available vector maps. Created DEM was imported to Arcview grid format with proper projection (UTM -Zone 36 N -WGS84 Datum). Size and number of the subwatersheds are determined according to the streams. While a larger number of subwatersheds provides beter spatial heterogeneity, it causes an increased amount of input data preparation and might also result in too detailed unnecessary spatial variation. Therefore, a careful setting of threshold is necessary for representing the optimum spatial heterogeneity in the catchment. The watershed was discretized into 10 subwatersheds based on the delineated stream network (See Figure 1) . While doing this, number of measuring stations and their locations were also considered. 
The data used
Topography of the Melen Watershed was defined by a DEM that describes the elevation of any point in a given area at a specific spatial resolution. 40 vector maps were modified using image topographic maps in scale 1/25000 (DSI, 2010) (See All modified vector maps were merged and a 10 m by 10 m resolution DEM (See Figure 4 ) was prepared. The DEM was used to delineate the watershed and analyzing the drainage patterns. Subbasin parameters such as slope gradient, slope length of the terrain, and the stream network characteristics such as channel slope, length, and width were derived from the DEM. Unknown parameters and missing data were simulated using the closest Bolu Meteorological Station. Precipitation is the driving force behind all hydrologic processes occurring in a watershed. It is characterized by spatial and temporal variability. Representation of this variability in models can be expected to improve short-term and long-term simulation results (Jayakrishnan, 2005 Figure 5 . 
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Nutrient retention phenomenon
Retention of nutrients was also taken into consideration in many studies while calculating the load at the outlet of the watersheds. In summary, most phosphorus retention in fresh water systems is due to sedimentation and adsorption to sediment (Bukaveckas and Isenberg, 2013; Gonzales-Sanchis, 2015; Shilla, 2014) . By contrast, the major retention mechanism for nitrogen in fresh waters is denitrification. Denitrification is strongly dependent on temperature and therefore, high denitrification rates occur during summer (Song et al., 2014) . During the wet months, some sections of the river acted as sources of nutrients instead of sinks resulting in negative nutrient retention values. This suggests that previously retained nitrogen may have been re-suspended during storms or extra nutrients were coming from other sources in the sub-catchments (Bere, 2007) .
It is necessary to select a river retention model, which gives monthly reliable predictions. where T is the temperature. In their study, de Klein and Koelmans (2011) noticed that the correlation between measured and calculated values for the training set was high (N: r 2 = 0.93; p < 0.001 and P: r 2 = 0.81; p < 0.001).
For the calculation of Q values, a relation between precipitation values and discharge (Q) values were analyzed using the Bayesian approach.
Findings
Within this study, best approach for the estimation of nutrient retention will be pointed out with the help of the limited number of observed retentions from selected river section of Buyuk Melen River. Since models from literature only consider TP and TN retention, it is assumed that the percent retention estimated by these models will also be the same for all inorganic and organic forms or compounds.
Well known models (Behrendt and Opitz, 2000 Figure  6 ). Therefore, this section is selected for the observations. Although there is a limited number of observed data available, it was enough to see the best reliable empirical nutrient retention model. Water surface area of selected river section is approximately 45 ha (0.45 km 2 ), and the drainage area of this section is around 160 km 2 . Figure 6 . Selected river section for the calculation of the retention coefficients. Bayesian analysis was conducted using AMOS software (Arbuckle, 2009) and missing discharge (Q) values for the measuring point at the outlet (B. Melen River Ugurlu Village) were specified. Then using the statistical relation between this measuring point and the others, all missing discharge (Q) values were estimated (see Figure 7 ). Since we need temperature values for each month in order to calculate phosphorus retention in rivers at each subwatershed, missing temperature values were estimated using statistical techniques. There is a significant correlation between the observed temperature values of each subwatershed and subwatershed 1 (sampling point at the outlet). Moreover, the highest number of observed temperature values exists for subwatersed 1. First of all, the trend of the temperature values of the measuring point at the outlet (B. Melen River Ugurlu Village) or subwatershed 1 for the years between 1995 and 2011 was specified as a sinusoidal function (see Figure 8) . Then using this function, missing temperature values for the measuring point at the outlet (B. Melen River Ugurlu Village) were specified.
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Finally, using the statistical relation between this measuring point and the others (see Figure 9 ), all missing temperature values were estimated. Temperature relation between B. Melen River Ugurlu Village and all other sampling points are summarized in Table 1 . 
Conclusions
Results show that there is a considerable amount of retention for both TP and TN values through the river network in the Melen Watershed.
Results of this study can be a significant example for the researches that are being conducted in other watersheds.
It can also help decision makers for creating sustainable way of treatment instead of using highly expensive conventional treatment processes.
